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© A compact, self-contained portable computing 
apparatus (102) which is completely supported by a 
user for hands-free retrieval and display of informa- 
tion for the user. The computing apparatus includes 
a voice recognition module (122), in communication 
with a processor contained within a housing (106), 
for receiving audio commands from the user, for 
converting the received audio commands into elec- 
trical signals, for recognizing the converted electrical 
signals and for sending the recognized electrical 
signals to the processor for processing, the voice 
recognition module (122) being supported by the 
user. The computing apparatus further includes a 
display (110) in communication with the processor 
for receiving information from the processor and for 
displaying the received information for the user, the 
display being supported (108) by the user whereby 
the user may operate the computing apparatus to 
display information in a hands-free manner utilizing 
only audio commands. 
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This invention relates to computers, and more 
particularly to a user-supported portable computer. 

Today, many printed publications, particularly 
technical manuals.are being replaced by electronic 
technical manuals (ETM) and interactive electronic 
technical manuals (IETM). Such ETMs and lETMs 
are essentially electronic databases which are typi- 
cally housed in conventional computers having a 
keyboard for user input and a full-sized monitor for 
information display. An operator may use the com- 
puter in order to access and display data stored in 
the ETMs and I ETMs for a variety of uses including 
troubleshooting and repair/replacement of a sys- 
tem, subsystem or component thereof. 

ETMs and lETMs are particularly useful in ser- 
vice and repair industries wherein technicians often 
require detailed information from technical manuals 
to repair and service malfunctioning devices. For 
example, ETMs and I ETMs are useful in auto- 
mobile repair centers wherein service personnel 
find it necessary to access information in auto- 
mobile technical manuals in order to service mal- 
functioning automobiles. Additionally, ETMs and 
I ETMs are useful in military service centers 
wherein military technicians often require access to 
information in military technical manuals to service 
and repair malfunctioning weapon systems. In such 
scenarios, it is more efficient to access information 
from ETMs and I ETMs rather than printed, publica- 
tions since the printed publications may be volumi- 
nous. 

As noted above, ETMs and lETMs are tradi- 
tionally stored in and accessed from conventional 
computers having keyboards for operator input and 
full-sized video monitors fro displaying data. Such 
computers are often located in service areas adja- 
cent to the devices being repaired. In operation, 
maintenance personnel move back and forth be- 
tween the computers and the devices being re- 
paired in order to retrieve data required to service 
the devices being repaired. Such movement be- 
tween the computers and the devices being re- 
paired gives rise to the disadvantage that it repre- 
sents a considerable amount of time and effort 
spent for the purpose of retrieving data from the 
ETMs and lETMs. Therefore, conventional comput- 
ers are not efficient devices for storing ETMs and 
I ETMs since such conventional computers result in 
inefficient data delivery of the information in the 
ETMs and I ETMs to operators. 

It is an object of the present invention to over- 
come this disadvantage. 

The present invention is accordingly directed 
to a compact, self-contained portable computing 
apparatus which is completely supported by a user 
for hands-free retrieval and display of information 
for the user. The computing apparatus includes a 
housing having securing means for removably se- 



curing the housing to a user for support by the 
user. The housing further includes storage means 
for storing previously entered information, and pro- 
cessor means, communicating with the storage 

5 means, for receiving, retrieving and processing in- 
formation and user commands in accordance with 
a stored program. The computing apparatus also 
includes audio transducer and converter means, in 
communication with the processor means, for re- 

10 ceiving audio commands from the user, for con- 
verting the received audio commands into electrical 
signals, for recognizing the converted electrical sig- 
nals, and for sending the recognized electrical sig- 
nals to the processor means, the audio transducer 

75 and converter means also being supported by the 
user. The computing apparatus further includes 
display means in communication with the proces- 
sor means for receiving information from the pro- 
cessor means and for displaying the received in- 

20 formation for the user, the display means being 
supported by the user whereby the user may op- 
erate the computing apparatus to display informa- 
tion in a hands-free manner utilizing only audio 
commands. 

25 A computing apparatus in accordance with the 

invention will now be described, by way of exam- 
ple, with reference to the accompanying drawings, 
in which:- 

Fig. 1 is a front view of a schematic block 
30 diagram of an operator wearing a computer in 
accordance with the present invention; 
Fig. 2 is a side view of a schematic block 
diagram of an operator wearing the computer of 
Fig. 1; 

35 Fig. 3 is a perspective view of a system unit 
which forms part of the computer of Fig. 1 ; 
Fig. 4 is a bottom plan view of the system unit 
of Fig. 3; 

Fig. 5 is a schematic block diagram of the 

40 computer of Fig. 1 ; 

Fig. 6 is a partial schematic block diagram of an 
alternate embodiment of the computer of Fig. 1; 
Fig. 7 is an operational flow chart of the com- 
puter of Fig. 1 wherein the computer includes a 

45 dependent voice-recognition module; 

Fig. 8 is an additional operational flow chart of a 
dependent voice-recognition module; 
Fig. 9 is an operational flow chart of the com- 
puter of Fig. 1 wherein the computer includes an 

so independent voice-recognition module; 

Fig. 10 is an additional operational flow chart of 
an independent voice-recognition module; 
Fig. 11 is a block diagram of a display screen 
operating according to shutter-wheel technology; 

55 and 

Fig. 12 is a digitized waveform of a verbal 

utterance. 
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Referring to the drawings in which like nu- 
merals are used for identical elements throughout, 
Fig. 1 is a front schematic view of an operator (also 
called a user) wearing a compact, portable com- 
puter 102 in accordance with the present invention 
and Fig. 2 is a side view of the operator wearing 
the computer 102. The location of the components 
of the computer 102 on the operator as shown in 
Figs. 1 and 2 is representational only and may vary 
depending on operator convenience and comfort. 
The computer 102 includes a housing such as 
system unit 106 having a securing means, in the 
present embodiment a strap or belt 104, which is 
adapted to be worn around the operator's waist for 
securing the housing or system unit to the user for 
support by the user. 

The computer 102 further includes display 
means for receiving information from the system 
unit 106 and for displaying the received information 
for the user or operator. The display means, in the 
present embodiment, includes a headband 108, a 
display screen 110, and an adjustable arm 112 
connecting the display screen 110 to the headband 
108. The headband 108 is adapted to be worn by 
the user in any convenient location, but preferably 
upon the user's forehead, as shown. The position 
of the display screen 110 may be adjusted via the 
adjustable arm 112 so that the operator can com- 
fortably view information displayed on the display 
screen 110. The display screen 110 is electrically 
connected to the system unit 106, in the present 
embodiment, via a cable 114, although other con- 
nection means may alternatively be employed. 

The computer 102 further includes audio trans- 
ducer and converter means in communication with 
the system unit 106 for receiving audio commands 
from the user, for converting the receiver audio 
commands into electrical signals, for recognizing 
the converted electrical signals and for sending the 
recognized electrical signals to a processor within 
the system unit 106. In the present embodiment, 
the audio transducer and converter means includes 
a microphone 122 for receiving verbal commands 
from the operator. The microphone 122, which, in 
the present embodiment, is electrically connected 
to the system unit 106 via a cable 124 is preferably 
an ear-supported microphone, although those with 
ordinary skill in the art will appreciate that any 
audio-input or transducer device could be used and 
that the audio-input or transducer could be sup- 
ported by the user at some other location such as 
proximate the mouth or throat of the user. 

The computer 102, in the present embodiment, 
further includes measurement means in commu- 
nication with the system unit 106 for performing 
electrical measurements on devices being evalu- 
ated by the computer 102 (such evaluation includ- 
ing, but not limited to, testing, calibrating, 



troubleshooting, diagnosing and servicing). In the 
present embodiment, the measurement means in- 
cludes an instrument pack 116 which is attachable 
to the belt 104 and is electrically connectable via 

5 cables 118 to a device 120 which is to be tested, 
analyzed, repaired or the like. The instrument pack 
116 is also electrically connected to system unit 
106, in the present embodiment, via a cable 126. 
From the foregoing description and Figs. 1 and 

70 2, it can be seen that the computer system 102 is 
adapted to be completely supported by a user or 
operator. The display screen 110 is placed to per- 
mit the user to accomplish other tasks, i.e., servic- 
ing a device, while glancing at the screen 110 for 

75 information concerning the task being performed. 
The microphone 122 permits the user to verbally 
control the computer system 102 to display desired 
information while maintaining the user in a hands- 
free mode for unimpaired performance of the task. 

20 Finally, the instrument pack 116 permits the com- 
puter 102 to obtain information from a device, such 
as a device being serviced, while maintaining the 
user in a hands-free mode with respect to the 
computer system 102 (note that the user may be 

25 handling the device being serviced, test equipment 
or other equipment while using the computer sys- 
tem 102). By utilizing the computer 102 the user is 
able to perform a task in a more efficient manner, 
since the user can access data from and input data 

so to the computer system 102 in a hands-free mode 
with, at most, minimal diversion from the task being 
performed. 

Fig. 3 is an exterior perspective view of the 
system unit 106. Because the system unit 106 is 

35 intended to be supported by an operator, the sys- 
tem unit 106 is lightweight and small sized, in the 
present embodiment, preferably about five inches 
by six inches by three inches with a weight of 
approximately three pounds. The system unit 106 

40 includes a top panel 302, a bottom panel 310, a 
front panel 312, a back panel 308, a first side panel 
304, and a second side panel 306. Connected to 
the back panel 308 is a clip 328, for attaching the 
system unit 106 to the belt 104. Located on the top 

45 panel 302 is a microphone jack 314 which is of a 
type well known in the art. The cable 124 con- 
nected to the microphone 122 is removably con- 
nected to the system unit 106 via the microphone 
jack 314 using a suitable connector (not shown). 

50 Also located on the top panel 302 is a voice input 
indicator 318, preferably a light-emitting diode 
(LED), which illuminates to visually confirm when 
the ear microphone 122 receives verbal input from 
the operator. 

55 Also located on the top panel 302 are a voice 

output indicator 316 and a volume control 320. In 
some embodiments, the top panel 302 also in- 
cludes a speaker 332. The voice output indicator 
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316, preferably a single LED, illuminates to visually 
confirm when the computer 102 is outputting syn- 
thesized or digitized speech through the speaker 
332 for the purpose of providing the user with 
information, queries, instructions, messages or oth- 
er feedback. The volume control 320, preferably a 
rotatable knob or depressible button, controls the 
volume level of the audio output of the speaker 
332. Also located on the top panel 302 are a reset 
system button 322, a Power On/Off button 324 and 
a Power-on indicator 326. The Power-On indicator 
326, preferably a single LED, illuminates to visually 
confirm when the system unit 106 is turned on via 
the ON/OFF button 324. The system unit 106 ini- 
tializes when the reset system button 322 is 
pressed. Also located on the top panel 302 is an 
input means in the form of a pointing device 330, 
such as a sensitive touch pad, a joy stick, roller 
ball or a gyroscopic mouse. The specific locations 
of the above-described elements on the top panel 
302 as shown in Fig. 3 are representational only 
and may vary among particular implementations for 
ergonomic or other reasons. It should also be ap- 
preciated that the particular implementation of such 
elements (i.e., LEDs for indicators) may also vary. 

In an alternate embodiment of the present in- 
vention, the microphone 122 (shown in Fig. 1) is a 
microphone/speaker assembly having a first trans- 
ducer for receiving audio signals and a second 
transducer for outputting audio signals, the second 
transducer essentially being an audio speaker. The 
microphone/speaker assembly 122 may be. for ex- 
ample, a well-known bone-conduction device. Ac- 
cording to the alternate embodiment, the speaker 
332 shown in Fig. 1 is not necessary, and thus is 
not located on the front panel 332 and, in fact, is 
not part of the computer system 102. 

Fig. 4 is an exterior plan view of the bottom 
panel 310 of the system unit 106. The bottom 
panel 310 includes a monitor or display port 402, 
two serial ports 404a and 404b, a parallel port 406, 
a keyboard port 410, a mouse port 412 and an 
external power supply port 408. According to the 
preferred embodiment, the serial ports 404a and 
404b are RS-232 compatible and the parallel port 
406 is Centronics compatible. The system unit 106 
may be modified to include additional and/or dif- 
ferent ports and connectors without diverging from 
the spirit and intent of the present invention. 

Fig. 5 is a schematic block diagram of the 
primary structural features of the computer 102 in 
accordance with the present embodiment. The 
computer 102 includes a bus 502, which preferably 
has a data width of at least sixteen bits. According 
to the present embodiment, the bus 502 is con- 
tained in the system unit 106. The computer 102 
also includes processor means such as central 
processing unit (CPU) 504, which is connected to 



the bus 502 and is also preferably contained in the 
system unit 106. Preferably, the CPU 504 is an 
80286 or 80386SX microprocessor available from 
Intel. It will be appreciated by those of ordinary skill 
5 in the art that while an 80286 or 80386SX micro- 
processor is preferred, any other central processor 
or microprocessor, either available presently or in 
the future, could be used. 

The computer 102 also includes a memory 506 
10 having, for example, one Mbyte to twenty Mbytes 
of random access memory (RAM). The memory 
506, which is also connected to the bus 502 and is 
preferably contained in the system unit 106, stores 
an application program 508 while the computer 102 
75 is operating. The application program 508 may 
have been loaded into the memory 506 from a 
magnetic storage device 519 (described below) 
pursuant to operator instructions. 

The computer 102 also includes an in- 
20 puVoutput interface 510 which controls all data 
transfers between the CPU 504 and certain other 
components (herein called peripherals) which com- 
municate with the CPU 504 but which are not 
connected directly to the bus 502. Preferably, the 
25 input/output interface 510 includes a video inter- 
face, a controller for at least two RS-232 compati- 
ble serial ports, a controller for the Centronics- 
compatible parallel port, keyboard and mouse con- 
trollers, a floppy disk controller, and a hard drive 
30 interface. However, it will be appreciated by those 
of ordinary skill in the art that the input/output 
interface 510 could include additional and/or dif- 
ferent interlaces and controllers for use with other 
types of peripherals such as Ethernet®, Arcnet®, 
35 token ring interface. The input/output interface 510 
is connected to the bus 502 and preferably is 
located in the system unit 1 06. 

The computer 102 also includes input/output 
connectors 518 which collectively represent the 
40 above-described physical peripheral ports and ac- 
companying electrical circuitry. Preferably, the in- 
put/output connectors 518 include the monitor port 
402, serial ports 404a and 404b, parallel port 406, 
keyboard port 410, and mouse port 412 shown in 
45 Fig. 4. However, those of ordinary skill in the art 
will appreciate that the input/output connectors 518 
could include additional and/or different types of 
physical ports. 

The computer 102 also includes a power con- 
so verier 536 which is connected to an internal battery 
539, an external battery 540 and/or an AC power 
source such as a conventional electrical outlet (not 
shown in Fig. 5). The power converter 536 and the 
internal battery 539 are preferably located in the 
55 system unit 106 while the external battery 540 is 
located outside of the system unit 106, preferably 
attached to the belt 104. (The external battery 540 
is not shown in Figs. 1 and 2). The external battery 
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540 is connected to the power converter 536 via 
the external power supply port 408 shown in Fig. 4. 
When the computer 102 is used in a "desk-top" 
mode (e.g., non-portable mode), the power con- 
verter 536 may be connected to the AC power 
source for supplying regulated DC power to the 
computer 102. When the computer 102 is used in a 
portable mode, the power converter 536 is usually 
connected to the internal battery 539 and/or the 
external battery 540 for supplying regulated DC 
power to the computer 102. Preferably, the internal 
battery 539 supplies power to the power converter 
536 (and ultimately the computer 102) only when 
the power converter 536 is not connected to either 
the external battery 540 or the AC power source. 
The computer 102 further includes a separate bat- 
tery charger 534 for periodically charging the inter- 
nal battery 539 and the external battery 540 when 
not in use. The computer 102 may include a bat- 
tery-powered indicator, attached to the system unit 
106 front panel 302, for indicating when the power 
levels of the external battery 540 and/or internal 
battery 539 are low. 

Preferably, the bus 502, CPU 504, memory 
506, input/output interface 510, input/output con- 
nectors 518, and power converter 536 described 
above are implemented using a backplane circuit 
card, processor circuit card, memory circuit card, 
input/output circuit card, and input/output connec- 
tion circuit card in a manner well known to those 
skilled in the art. The processor circuit card, mem- 
ory circuit card, input/output circuit card, and in- 
put/output connection circuit card are plugged into 
the backplane circuit card. Preferably, IBM PC/AT 
compatible and/or 80386 compatible circuit cards 
available from Dover Electronics Manufacturing of 
Longmont, CO and Ampro Computers of Sunny- 
vale, CA are used. The circuit cards from Dover 
Electronics Manufacturing occupy a cubic space of 
approximately two inches by five inches by two 
inches while each of the circuit cards from Ampro 
are approximately 3.8 inches by 3.6 inches. How- 
ever, those having ordinary skill in the art will 
appreciate that any functionally compatible circuits 
cards which conform to the relatively small size of 
the system unit 106 could be used in place of the 
circuit cards available from Dover Electronics Man- 
ufacturing. 

The computer 102 also includes display means 
which, in the present embodiment as noted above 
with reference to Figs. 1 and 2, includes a head- 
band 108, a display screen 110, and an adjustable 
arm 112 connecting the display screen 110 to the 
headband 108. As shown in Fig. 5, the display 
means further includes a display screen driver 
module 514 which preferably is located in the 
system unit 106. but which alternatively could be 
located outside of the system unit 106 adjacent to 



the display screen 110. The display screen driver 
module 514 converts display information (that is, 
information which is to be displayed for an oper- 
ator) received from the CPU 504 (via the in- 

5 put/output interface 510, bus 502 and input/output 
connectors 518) into video signals which are sent 
to and compatible with the display screen 110. The 
display screen driver module 514 is of a standard 
design well known to those skilled in the art. 

70 Preferably, the display screen 110 is a min- 

iature monitor called an "eye piece monitor" which 
provides a display equivalent to conventional 
twelve-inch monitors (that is, approximately twenty- 
five lines by eighty characters per line), but which 

75 has a viewing screen with a diagonal length of 
approximately one inch. Since the display screen 
110 is located close to the operator's eye and is 
supported by the operator's head so it follows the 
operator's head movement, the operator is able to 

20 view information on the display screen 110 without 
having to move away from his work bench (where, 
for example, a device is being repaired) by merely 
glancing from the device being repaired to the 
display screen 110. Therefore, the display screen 

25 110, as described above, facilitates the retrieval of 
information contained in an electronic database 
since such information can be viewed without sig- 
nificantly diverting an operator's attention away 
from his work. 

30 Those having ordinary skill in the art will appre- 

ciate that the display screen 110 and display 
screen driver module 514 can be implemented 
using any video technology either available pres- 
ently or in the future, such as color graphics adapt- 
35 or (CGA), and enhanced graphics adaptor (EGA), 
video graphics array (VGA), and super VGA. Ac- 
cording to a present embodiment, however, the 
display screen 1 1 0 and display screen driver mod- 
ule 514 are implemented using well-known color 
40 graphic adapter (CGA) technology. CGA eye piece 
monitors are available from many vendors, includ- 
ing Reflection Technology, Inc., of Waltham, MA 
which produces and sells the Private Eye™ moni- 
tor. Alternatively, the display screen 110 and dis- 
45 play screen driver module 514 are implemented 
using well-known (monochrome or color) video 
graphics adaptor (VGA) technology. VGA eye piece 
monitors which operate according to well-known 
color shutter wheel technology are currently avail- 
so able from sources, such as the Nucolor™ Shutters 
produced by Tektronix, Inc., of Beaverton, Oregon. 
The display means may alternatively be a flat pan- 
el display screen attached to the system unit 106. 
Fig. 11 is a functional block diagram of a 
55 conventional display screen 110 connected to a 
conventional display screen driver module 514, 
both of which operate according to color shutter 
wheel technology. The display screen 110 has a 
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monochrome cathode ray tube (CRT) 1106 and a 
filter 1108 having a color polarizer 1110 for polariz- 
ing and separating light from the CRT 1106 into 
cyan (that is, blue and green) and red components. 
The filter 1108 also includes a pi-cell 1112, which 
is preferably a relatively fast liquid-crystal switch, 
for rotating the polarized light from the color polar- 
izer 1110 by either zero or ninety degrees. The 
filter 1108 also includes a second color polarizer 
1114 for polarizing and separating light from the pi- 
cell 1112 into yellow (that is, red and green) and 
blue, which effectively divides the blue component 
from" the green. The filter 1108 also includes a 
second pi-cell 1116, for rotating the polarized light 
from the color polarizer 1114 by either zero or 
ninety degrees. 

The display screen driver module 514 includes 
a video interface 1102, which receives signals from 
the bus 502 representing data to be displayed on 
the display screen 110, and converts the signals 
into video signals generally having image and color 
information. The video signals are received by a 
shutter controller 1104, which causes the CRT 
1106 to display an image in accordance with the 
image information, and which also controls the filter 
1108 in accordance with the color information to 
convert the image displayed by the CRT 1106 to a 
color image. 

The shutter controller 1104 causes the filter 
1108 to transmit a red, green, or blue color image 
by selecting an appropriate combination of states 
of the pi-cells 1112 and 1116. In order to transmit 
green, for example, the shutter controller 1104 sets 
both pi-cells 1112 and 1116 to rotate by zero 
degrees, such that blue and green components 
from the first color polarizer 1110 passes through 
the first pi-cell 1112 unaffected. The vertically ori- 
ented yellow color polarizer 1114 then absorbs the 
blue components and leaves only the green com- 
ponent (note that only the vertical components are 
considered here since the light transmitted through 
the filter 1108 is always vertically polarized). 

In order to transmit red, the shutter controller 
1104 sets the first pi-cell 1112 to rotate by ninety 
degrees and the second pi-cell 1116 to rotate by 
zero degrees. Such alignment places the red com- 
ponent into the vertical position so that it passes 
through the yellow color polarizer 1114 unaffected. 
In order to transmit blue, the shutter controller 1104 
sets both pi-cells 1112 and 1116 to rotate by ninety 
degrees, thereby rotating the initially vertically po- 
larized blue component so it passes through the 
horizontally oriented blue color polarizer 1110. Col- 
or shutter wheel technology is further described in 
"Reinventing the Color Wheel* 1 by Thomas J. Ha- 
ven (Information Display , Vol. 7, No. 1, January 
1991, pages 11-15) 

Referring again to Fig. 5, the computer 102 



also includes various peripherals such as an inter- 
nal pointing device 230, storing means such as 
magnetic storage device 519, measurement means 
such as instrument pack 116, a microphone 122 
5 and a voice-recognition module 522, which are all 
connected to the system unit 106 (and, specifically, 
to the input/output interface 510 which controls 
data traffic between the peripherals and the CPU 
504) via the input/output connectors 518. The inter- 
io nal pointing device 230 is a well-known pointing 
device such as a mouse, sensitive touch pad, or 
gyroscopic mouse which is connected to the top 
panel 302 of the system unit 106 (as shown in Fig. 
3) and which represents an alternate means for an 
75 operator to interact with the computer 102 (that is, 
to provide commands and data to the CPU 504) in 
situations where the operator does not wish to or 
cannot interact via voice (that is, via the micro- 
phone 122 and voice-recognition module 522) as 
20 described below. For example, the operator may 
not be able to interact via voice in work environ- 
ments where the background noise is too exces- 
sive for even external hearing protection work. The 
present invention also supports other non-audio 
25 input devices such as bar code readers, touch 
memory readers and proximity scanners, which 
may be used when the operator does not wish to 
or cannot interact with the computer 102 via voice. 
The computer 102 also includes a packet 
30 switching component 542 and an antenna 544 
which, in the present embodiment, are preferably 
contained in the system unit 106 and which enable 
the computer 102 to send and receive information 
from remote locations via well-known teiecommuni- 
35 cation means, such as via telephone or satellite. ' 
The packet-switching component 542 and the an- 
tenna 544 are particularly useful for updating a 
database 520 stored in a magnetic storage device 
519 (described below) in real-time with information 
40 received from a remote computer or other data 
source. The computer 102 may include a global 
positioning system component (not shown in Fig. 
5) for receiving and processing (via the antenna 
544) positioning information from navigation sys- 
45 terns, such as the Global Positioning System. 

The magnetic storage device 519, which is 
preferably contained in the system unit 106, is a 
static, read/write memory having a relatively large 
memory capacity such as a removable or non- 
50 removable hard disk drive. In embodiments where 
the storage device 519 is removable, the system 
unit 106 contains an external slot for allowing the 
operator to insert and remove removable storage 
disks. An optional storage device 519 could be a 
55 read-only memory such as a CD-ROM. Preferably, 
the magnetic storage device 519 includes 80 
Mbytes to one gigabyte of memory. Magnetic stor- 
age devices which are suitable for use as the 
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magnetic storage device 519 and which have a 
size compatible with the size of the system unit 
106 are produced and sold by various manufactur- 
ers such as Integral, Connor, Seagate and Syquest. 
As shown in Fig. 5, the magnetic storage device 
519 stores a database 520 (which may be an ETM 
or I ETM) which may have been previously loaded 
into the magnetic storage device 519 from a floppy 
drive (not shown in Fig. 5) which could be con- 
nected to the computer 102 via a port on the 
input/output connectors 518, or from a remote 
computer via a telecommunication link connected 
to the computer via the packet switching compo- 
nent 542 and the antenna 544 or by direct cabling. 

The instrument pack 116 includes electrical 
measurement equipment such as a multimeter 524 
and a counter/timer 526, and ports for connecting 
the electrical measurement equipment to devices 
being evaluated or serviced such as an IEEE-488 
connector 528, an IEEE-1553 connector 530 and 
an IEEE-1708 connector 532. Those with ordinary 
skill in the art will realize that the instrument pack 
116 could contain other types of electrical mea- 
surement equipment and ports. Referring again to 
Fig. 1, in operation the electrical measurement 
equipment in the instrument pack 116 is connected 
to a device being evaluated or serviced, hereinafter 
called a device under test (DUT) 120, via a cable 
118 which is connected to any one of the connec- 
tors 528, 530, and 532 (depending on the particular 
type of interface on the DUT 120). Data from the 
DUT 120 is measured by the multimeter 524, coun- 
ter/timer 526 and/or any other measurement equip- 
ment contained in the instrument pack 116 (as 
appropriate for the test being performed). The re- 
sults of such tests are sent from the instrument 
pack 116 to the CPU 504 via the input/output 
connectors 518 and the bus 502. Alternatively, they 
can be stored on battery-backed memory chips. 

Referring again to Fig. 5, the computer 102 
may also include an external monitor 516 which is 
not supported by an operator (but rather rests on a 
desk, for example) and which connects to the sys- 
tem unit 106 via the monitor port 402 (shown in 
Fig. 4). The external monitor 516 receives from the 
CPU 504 the same display information as the dis- 
play screen 110 (via the display screen driver 
module 514). The computer 102 may also include 
an external keyboard and mouse (not shown), 
which are connectable to the system unit 106 via 
the keyboard port 410 and mouse port 412, re- 
spectively. The external keyboard and mouse re- 
present conventional means for an operator to in- 
teract with the computer 106. Preferably, the exter- 
nal monitor 516, external keyboard and external 
mouse are connected to the system unit 106 when 
the computer 102 is operating in a non-portable 
mode (e.g., as a desk-top computer). 



The voice-recognition module 522 is preferably 
contained in the system unit 106 and is connected 
to the microphone 122 (which is preferably an ear 
microphone located outside of the system unit 
s 106). Alternatively, the voice-recognition module 
522 may be located outside of the system unit 106 
and, far example, may be incorporated with the 
microphone 122 as a single unit. Alternatively, the 
analog-to-digital converter component of the voice- 
w recognition module 522 is located outside of the 
system unit 102 while the remaining components of 
the voice-recognition module 522 is located inside 
the system unit 102, the external analog-to-digital 
converter preferably communicating with the sys- 
15 tern unit 102 via a serial communication stream. 
The microphone 122 receives audio input (also 
called verbal utterances) from an operator, converts 
the audio input to electrical signals and digitizes 
the electrical signals. The voice-recognition module 
20 522 recognizes the verbal utterances (which are in 
the form of digitized electrical signals) and trans- 
fers the recognized verbal utterances to the CPU 
504 for processing according to the application 
program 508. Thus, just as a conventional key- 
25 board driver interprets as characters and words the 
electrical signals which result from an operator 
typing on a conventional keyboard, the voice-rec- 
ognition module 522 interprets (or recognizes) as 
characters and words the digitized electrical signals 
30 which result from an operator speaking near or into 
the microphone 122. Consequently, like conven- 
tional input devices such as keyboards and point- 
ing devices, the voice-recognition module 522 in 
combination with the microphone 122 provides a 
35 means for operators to interact with and control the 
operation of the computer 102. 

Preferably, the voice-recognition module 522 
operates according to well-known dependent voice 
recognition algorithms and is implemented in hard- 
40 ware of a type well known in the art. According to a 
preferred embodiment, the voice-recognition mod- 
ule 522 is a dependent voice recognition circuit 
card available from Voice Connection of Irving, 
California. However, those with ordinary skill in the 
45 art will appreciate that any dependent voice rec- 
ognition circuit card having a size compatible with 
the size of the system unit 106 could be used. 

Alternatively, the voice-recognition module 522 
operates according to well-known independent 
so voice recognition algorithms, the independent voice 
recognition algorithms representing an improve- 
ment over dependent voice recognition algorithms. 
Specifically, an independent voice-recognition 
module is able to recognize the voices of multiple 
55 speakers and includes "good listener", a learning 
feature for real time modification of a trained vo- 
cabulary model. In contrast, a dependent voice- 
recognition module can recognize only a single 
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speaker's voice. 

Further, an independent voice-recognition mod- 
ule can be integrated with application programs. 
For example, an application program could interact 
with an independent voice-recognition module in 
order to cause the independent voice-recognition 
module to recognize a verbal utterance against a 
subset of an entire trained vocabulary model. The 
vocabulary subset could include, for example, the 
words corresponding to menu selections in the 
current context of the application program. In con- 
trast, dependent voice-recognition modules cannot 
be integrated with application programs. Therefore, 
dependent voice-recognition modules are generally 
less reliable than independent voice-recognition 
modules since dependent voice-recognition mod- 
ules usually attempt to recognize verbal utterances 
from the entire vocabulary. Systems and methods 
for voice recognition, and particularly for indepen- 
dent voice recognition, are described in U.S. Patent 
Nos. 5,025,471, 4,969,193 and 4,672,667. 

Fig. 6 is a partial block diagram of the com- 
puter 102 wherein the voice-recognition module 
522 is implemented in software, rather than in 
hardware, as shown in Fig. 5. More particularly, 
Fig. 6 is a partial block diagram illustrating the 
structural differences (as compared to Fig. 5) in the 
computer 102 which are required to implement the 
alternate embodiment wherein the voice-recognition 
module 522 is implemented in software. As shown 
in Fig. 6, the software implementation of the voice- 
recognition module is indicated as 522', rather than 
522, in order to underscore its software nature, and 
is stored in the memory 506 while the computer 
102 is operating. The voice-recognition module 
522* operates either according to dependent or 
independent voice recognition algorithms, although 
preferably the voice-recognition module 522* op- 
erates according to independent voice recognition 
algorithms and is implemented as independent 
voice recognition software produced by Scott In- 
struments of Denton, Texas. In practice, the ap- 
plication program 508 and the voice-recognition 
module 522' may be linked into a single computer 
program which is loaded into the memory 506 from 
the magnetic storage means 519 pursuant to oper- 
ator instructions. 

According to the alternate embodiment wherein 
the voice-recognition module 522* is implemented 
in software, the computer 102 includes an ana- 
log/digital converter 608 which has buffer 610 and 
which is preferably contained in the system unit 
106. The analog/digital converter 608 is connected 
to the microphone 122. In operation, the micro- 
phone 122 converts audio input spoken by an 
operator to electrical signals. The analog/digital 
converter 608 digitizes the electrical signals and 
stores the digitized electrical signals in the buffer 



610 for later retrieval by the CPU 504. 

The operation of the computer system 102 
shall now be described with reference to Figs. 7, 8, 

9 and 10 wherein Figs. 7 and 8 represent the 
5 operation of the computer 102 wherein a depen- 
dent voice-recognition module (implemented in ei- 
ther hardware or software) is used and Figs. 9 and 

10 represent the operation of the computer 102 
wherein an independent voice-recognition module 

70 (implemented in either hardware or software) is 
used. 

Referring first to Fig. 7, there is shown an 
operational flow chart for the computer system 102 
according to the embodiment wherein a dependent 
75 voice-recognition module is used. While performing 
the steps shown in Fig. 7, the computer system 
102 is operating according to the programming 
contained in the application program 508. For sim- 
plicity purposes, Fig. 7 is described below with 
20 reference to the structural embodiment of the com- 
puter 102 shown in Fig. 5, although it should be 
understood that the alternate structural embodi- 
ment of the computer 102 shown in Fig. 6 operates 
in substantially the same manner with regard to the 
25 flow chart in Fig. 7. 

In step 704, the CPU 504 waits for user input 
from a keyboard buffer (not shown). In practice, the 
CPU 504 may perform step 704 by either polling 
the keyboard buffer or by receiving an interrupt 
30 when the keyboard buffer is full. In either case, the 
CPU 504 receives user input from the keyboard 
buffer when the keyboard buffer is flushed by a 
keyboard driver or other operating system tool 
which is associated with the keyboard buffer. Note 
35 that the user input in the keyboard buffer may 
originate from a conventional input device such as 
a keyboard or pointing device, or from the voice- 
recognition module 522. 

In step 706, the CPU 504 processes the user 
40 input according to the programming contained in 
the application program 508. For example, the user 
input could represent a command from the user to 
retrieve particular data from the database 520 
stored in the magnetic storage device 519. The 
45 CPU 504 processes the user command by acces- 
sing and retrieving the requested data from the 
database 520 and transferring the retrieved data to 
the display screen 110 for display to the user. 
Specifically, the CPU 504 transfers the retrieved 
so data to the input/output interface 510 along with a 
request to display the data on the display screen 
110. The input/output interface 510 converts the 
retrieved data to generic video signals generally 
appropriate for display on monitors and sends the 
55 generic video signals to the display screen driver 
module 514 via the input/output connectors 518. 
The display screen driver module 514 translates 
the generic video signals to video signals compati- 
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ble with the particular display screen 110. Alter- 
natively, the user input could be information which 
the user is providing to the computer 102 (for 
storage in the storage device 520, for example). 

In step 708. the CPU 504 determines if the 
user command represented an exit request. If the 
user command did not represent an exit request, 
then the CPU 504 loops back to step 704 to await 
further user input. 

Fig. 8 is an operational flow chart of the voice- 
recognition module 522 (shown in Fig. 5) or the 
voice-recognition module 522' in combination with 
the analog/digital converter 608 (shown in Fig. 6) 
wherein the voice-recognition module 522 or 522' 
operates according to dependent voice recognition 
algorithms. Note that before the steps in Fig. 8 are 
performed, the voice-recognition module 522 or 
522' is trained using well-known methods for a 
particular operator to produce a vocabulary model 
containing words and phrases which the voice- 
recognition module 522 or 522' recognizes. Since it 
is well known, the vocabulary model is not dis- 
cussed here except to note that, for each word or 
Phrase which the voice-recognition module 522 or 
522' recognizes, the vocabulary model contains a 
finite number (such as five) of digitized waveforms 
corresponding to different ways in which the par- 
ticular operator (for whom the voice-recognition 
module 522 or 522* is trained) pronounces the 
word or phrase. Fig. 12 is an example of one such 
wave form of a two-word phrase (such as "Next 
Menu" or "End Program") wherein the first word is 
represented by points between times four and thir- 
teen and the second word is represented by points 
between times sixteen and twenty-two. The words 
are delimited by points between times zero and 
three, fourteen and fifteen and twenty-three and 
twenty-six which fall below an energy threshold, 
which is determined for the particular operator. The 
vocabulary model also contains one or more oper- 
ator-selected keystrokes associated with each word 
and phrase which the voice-recognition module 522 
of 522' recognizes. For example, the phrase "End 
Program" may be associated with the keystrokes 
"Ctrl", "X" if the keystrokes "Ctrl", "X" are recog- 
nized by the application program 508 as the "End 
program" command. 

Fig. 8 shall now be described. For simplicity 
purposes, Fig. 8 is described below with reference 
to the structural embodiment of the computer 102 
shown in Fig. 5, although it should be understood 
that the alternate structural embodiment of the 
computer 102 shown in Fig. 6 operates in substan- 
tially the same manner with regard to the flow chart 
in Fig. 8. 

Referring now to Fig. 8, in step 806 the voice- 
recognition module 522 receives from the micro- 
phone 122 electrical signals representing a verbal 



utterance spoken by an operator, digitizes the re- 
ceived electrical signals and sends the digitized 
electrical signals to the voice-recognition module 
522. 

5 In step 808, the voice-recognition module 522 

identifies the boundaries of a word or phrase con- 
tained in the digitized electrical signals by locating 
points in the digitized electrical signals which fall 
below the energy threshold (as shown in Fig. 12, 
70 for example) for the particular operator, the located 
points representing the boundaries of words. The 
votce-recfognition module 522 determines that the 
digitized electrical signals contain a phrase (that is, 
multiple words), rather than a single word, if words 
75 in tie digitized electrical signals are separated by 
less than a predefined number (which is set ac- 
cording to the speaking characteristics of the par- 
ticular operator) of points which fall below the en- 
ergy threshold. The points in the digitized electrical 
20 signals corresponding to a word or phrase repre- 
sent a digitized verbal utterance waveform which 
was received from the operator (that is, which was 
spoken by the operator). For example, if Fig. 12 
represents the digitized electrical signals and if the 
25 predefined number is five, then the voice-recogni- 
tion module 522 determines (in step 808) that the 
digitized electrical signals contain a- phrase having 
two words because the two words are separated by 
only four points (between times thirteen and fifteen) 
30 which fall below the energy threshold. The points in 
the digitized electrical signals corresponding to the 
two-word phrase represent the received digitized 
verbal utterance waveform. 

In steps 810, 812, 814 and 816, the voice- 
35 recognition module 522 recognizes the received 
digitized digitized verbal utterance waveform by 
matching the received digitized verbal utterance 
waveform against all the digitized waveforms (cor- 
responding to different ways in which the particular 
40 operator pronounces different words) contained in 
the vocabulary model. Specifically, in step 810 the 
voice-recognition module 522 selects the next word 
from the vocabulary model to process. Recall that 
the vocabulary model contains a finite number of 
45 digitized waveforms for the selected word corre- 
sponding to different ways in which the particular 
operator pronounces the selected word, and that 
the vocabulary model contains one or more oper- 
ator-selected keystrokes associated with the se- 
50 lected word. 

In step 812, the voice-recognition module 522 
performs a point-by-point comparison of the re- 
ceived digitized verbal utterance waveform and the 
digitized waveforms for the selected word and de- 
55 termines whether there is a match between the 
received digitized verbal utterance waveform and 
any of the digitized waveforms for the selected 
word. The voice-recognition module 522 deter- 
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mines that a match occurs between a point in the 
received digitized verbal utterance waveform and a 
corresponding-in-time point contained in one of the 
digitized waveforms if the difference between the 
two points is less than an operator predefined limit, 
which may be zero for some implementations. 

In step 814, the voice-recognition module 522 
determines whether a match was found in step 812 
and proceeds to step 816 if a match was not found. 
In step 816, the voice-recognition module 522 de- 
termines whether there are any more words in the 
vocabulary module left to process. If, in step 816, 
the voice-recognition module 522 determines that 
there are more words left to process, then the 
voice-recognition module 522 flows back to step 
810 to select the next word from the vocabulary 
model to process. Otherwise, the voice-recognition 
module 522 determines that the received digitized 
verbal utterance waveform cannot be recognized 
based on the current training of the vocabulary 
model and returns to step 806 to await further 
operator input. Note that, when operating according 
to dependent voice-recognition algorithms, the 
voice-recognition module 522 does not interact with 
the operator to update the training of the vocabu- 
lary model to recognize the received digitized ver- 
bal utterance waveform. 

If, in step 814, the voice-recognition module 
522 determines that a match was found in step 
812, then the voice-recognition module 522 per- 
forms step 818. In step 818, the voice-recognition 
module 522 translates the received digitized verbal 
utterance waveform to the keystrokes contained in 
the vocabulary model and associated with the se- 
lected word (which the received digitized verbal 
utterance waveform matched). In step 820, the 
voice-recognition module 522 stores the keystrokes 
in the keyboard buffer. As described above, the 
keystrokes in the keyboard buffer are processed by 
the CPU 504 when the keyboard buffer is flushed 
(see the above text describing step 704 in Fig. 7). 

Fig. 9 is an operational flow chart for the com- 
puter system 102 according to the embodiment of 
the present invention wherein an independent 
voice-recognition module is used. While performing 
the steps shown in Fig. 9, the computer system 
102 is operating according to the programming 
contained in the application program 508. 

For simplicity purposes, Fig. 9 is described 
below with reference to the structural embodiment 
of the computer 102 shown in Fig. 6, although it 
should be understood that the alternate structural 
embodiment of the computer 102 shown in Fig. 5 
operates in substantially the same manner with 
regard to the flow chart in Fig. 9. 

Note that before the steps in Fig. 9 are per- 
formed, the voice-recognition module 522' is 
trained for multiple operators using well-known 



methods to produce a vocabulary model containing 
words and phrases which the voice-recognition 
module 522' recognizes. Since it is well known, the 
vocabulary model is not discussed here except to 

5 note that, for each word or phrase which the voice- 
recognition module 522* recognizes, the vocabulary 
model contains a single digitized waveform cor- 
responding to a base line pronunciation of the word 
or phrase. Fig. 12, which was described above, is 

w an example of one such digitized waveform con- 
taining a two-word phrase. The vocabulary model 
also contains operator-selected strings (each hav- 
ing one or more characters) associated with each 
word or phrase which the voice-recognition module 

75 522' recognizes. For example, the phrase "End 
Program" may be associated with the string 
"<Ctrl>X" if the string "<Ctrl>X n is recognized by the 
application program 508 as the "End Program" 
command. 

20 The vocabulary model also contains permitted 

variances about each of the points in the digitized 
base line waveforms, the permitted variances re- 
presenting different ways of pronouncing the words 
and phrases by the operators for whom the voice- 
25 recognition module 522' is trained. For example, 
suppose that the digitized waveform in Fig. 12 
represents a digitized base line waveform con- 
tained in the vocabulary model, that the permitted 
variance for the point at time ten is two, and that 
30 the point at time ten has a digital amplitude of 
fifteen. According to this example, any digitized 
verbal utterance waveform having an amplitude at 
time ten in the range from thirteen to seventeen will 
match the digitized base line waveform in Fig. 12, 
35 at least with regard to the point at time ten. 

Referring now to Fig. 9, in step 904, the CPU 
504 determines whether a verbal utterance, spoken 
by an operator into the microphone 122, exists at 
the analog/digital converter 608. In practice, the 
40 microphone 122 converts audio signals from the 
operator (that is, verbal utterances from the oper- 
ator) into electrical signals and sends the electrical 
signals to the analog/digital converter 608. The 
analog/digital converter 608 digitizes the received 
45 electrical signals and places the digitized electrical 
signals into the buffer 610. The CPU 504 then 
performs step 904 by polling the analog/digital con- 
verter 608 to determine when the buffer 610 is full. 
When the buffer 610 is full, the CPU 504 instructs 
so the analog/digital converter 608 to send the digitiz- 
ed electrical signals, which represents a digitized 
verbal utterance, from the buffer 610 to the CPU 
504 via the bus 502. 

In step 906, the CPU 504 receives the digitized 
55 verbal utterance from the analog/digital converter 
608 via the bus 502. 

In step 908, the CPU 504 causes the voice- 
recognition module 522' to recognize the digitized 
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verbal utterance against a subset of the words and 
phrases contained in the vocabulary model. That is, 
the CPU 504 passes a number of words and 
phrases to the voice-recognition module 522* and 
instructs the voice-recognition module 522' to de- 
termine whether the digitized verbal utterance 
matches any of the stored digitized base line 
waveforms associated with the passed words and 
phrases, taking into consideration the permitted 
variances for each of the digitized base line 
waveforms. As a result of step 908, the voice- 
recognition module 522' passes the string stored in 
the vocabulary model and associated with the 
matched word or phrase to the CPU 504 for pro- 
cessing. 

In practice, the words which are passed by the 
CPU 504 to the voice-recognition module 522' may 
represent menu choices from a current context of 
the application program 508. For example, the ap- 
plication program 508 might have asked the oper- 
ator to select from a menu of choices. In process- 
ing step 908, the voice-recognition module 522' 
would determine whether the operator's verbal re- 
sponse matched any of the menu choices. In prac- 
tice, in processing the steps of Fig. 9 the CPU 504 
may interact with the voice-recognition module 522* 
by invoking software routines stored in the voice- 
recognition module 522* pursuant to programming 
in the application program 522'. 

In step 916, the CPU 504 processes the recog- 
nized-word or phrase (that is, the string that was 
returned in step 908) in accordance with the par- 
ticular programming of the application program 
508. For example, the recognized word or phrase 
may represent a command from the operator to 
access particular information from the database 
520. In this case, the CPU 504 would access and 
retrieve the requested data from the database 520 
located in the magnetic storage device 519. The 
CPU 504 would then send the retrieved data to the 
display screen 110 for display to the operator. 

In step 918, the CPU 504 determines whether 
the recognized word or phrase represented an exit 
command. If the recognized word or phrase did not 
represent an exit command, then the CPU 504 
loops back to step 904 to await further operator 
instructions. Otherwise, the CPU 504 terminates the 
application program in step 920. 

The manner in which the voice-recognition 
module 522* performs step 908 (shown in Fig. 9) is 
illustrated in Fig. 10, which is an operational flow 
chart of the voice-recognition module 522' wherein 
the voice-recognition module 522* operates accord- 
ing to independent voice-recognition algorithms. 
Note that before the steps in Fig. 10 are per- 
formed, the voice-recognition module 522* is 
trained for multiple operators using well-known 
methods as described above with reference to Hg. 



9. 

In step 1004, the voice-recognition module 522' 
identifies the boundaries of a word or phrase con- 
tained in the digitized electrical signals (which re- 
5 present the digitized verbal utterance) by locating 
points in the digitized electrical signals which fail 
below the energy threshold (as shown in Fig. 12, 
for example), the located points representing the 
boundaries of words. The voice-recognition module 
w 522' determines that the digitized electrical signals 
contain a phrase (that is, multiple words), rather 
than a single word, if words in the digitized elec- 
trical signals are separated by less than a predefin- 
ed number (which is set according to the speaking 
75 characteristics of the particular operator) of points 
which fall below the energy threshold. The points in 
the digitized electrical signals corresponding to a 
word or phrase represent a digitized verbal utter- 
ance waveform which was received from the oper- 
20 ator (that is, which was spoken by the operator). 
For example, if Fig. 12 represents the digitized 
electrical signals and if the predefined number is 
five, then the voice-recognition module 522* deter- 
mines (in step 1004) that the digitized electrical 
25 signals contain a phrase having two words because 
the two words are separated by only four points 
(between times thirteen and fifteen) which fall be- 
low the energy threshold. The points in the digitiz- 
ed electrical signals corresponding to the two-word 
30 phrase represent the received digitized verbal ut- 
terance waveform. 

In step 1006, the voice-recognition module 522' 
selects the next word or phrase from the subset of 
words and phrases which the CPU 504 passed to 
35 the voice-recognition module 522'. 

In step 1008, the voice-recognition module 522' 
performs a point-by-point comparison of the re- 
ceived digitized verbal utterance waveform and the 
digitized base line waveform associated with the 
40 selected word or phrase and determines whether 
there is a match between the received digitized 
verbal utterance waveform and the digitized base 
line waveform, in light of the permitted variances 
associated with the digitized base line waveform. 
45 The voice-recognition module 522 f determines that 
a match occurs between a point in the received 
digitized verbal utterance waveform and a corre- 
sponding-in-time point contained in the digitized 
base line waveform if the difference between the 
50 two points is less than the permitted variance for 
that particular point. In processing step 1008, the 
voice-recognition module 522' generates a recogni- 
tion score for the selected word or phrase which 
essentially represents a cumulative sum of the dif- 
55 ferences between the received digitized verbal ut- 
terance waveform and the digitized base line 
waveform at each point. Therefore, a lower recogni- 
tion score indicates a closer match between the 
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received digitized verbal utterance waveform and 
the digitized base line waveform. 

In step 1010, the voice-recognition module 522' 
determines whether the recognition score for the 
selected word or phrase is less than a maximum 
permitted score which is software adjustable by the 
operator. If the recognition score for the selected 
word or phrase is greater than the maximum per- 
mitted score, then the voice-recognition module 
522* determines that the selected word or phrase 
and the received digitized verbal utterance 
waveform did not match and processes step 1014. 
If the recognition score for the selected word or 
phrase is less than the maximum permitted score, 
then the voice-recognition module 522' determines 
that the selected word or phrase and the received 
digitized verbal utterance waveform matched (to a 
certain confidence level as described below) and 
processes step 1 01 2. 

In step 1012, the voice-recognition module 522' 
adds the selected word or phrase to an acceptable 
words list. Words and phrases in the acceptable 
words list are ordered in ascending order by their 
respective recognition scores, such that the first 
entry in the acceptable words list has the lowest 
recognition score. 

In step 1014, the voice-recognition module 522' 
determines whether all the words and phrases 
which the CPU 504 passed to the voice-recognition 
module 522* have been processed. If there are 
more words and/or phrases to process, then the 
CPU 504 loops back to step 1006. Otherwise, the 
CPU 504 processes step 1016. 

In the remaining steps in Fig. 10, the voice- 
recognition module 522' interacts with the operator 
to determine which of the words or phrases in the 
acceptable words list is the word or phrase which 
was spoken by the operator. Specifically, in step 
1016 the voice-recognition module 522* selects the 
first entry in the acceptable words list. Recall that 
the first entry has the lowest voice-recognition 
score of all the entries in the acceptable words list. 

In step 1018 the voice-recognition module 522* 
generates a confidence value for the first entry by 
subtracting the recognition score of the second 
entry from the recognition score of the first entry. 
The confidence value of the first entry quantifies 
how confident the voice-recognition module 522* is 
that the first entry is the word or phrase which was 
spoken by the operator. In step 1020 the voice- 
recognition module 522' determines whether the 
confidence value of the first entry is high or low by 
comparing the confidence value to an operator- 
selected minimum confidence value. If the con- 
fidence value is greater than the minimum con- 
fidence value, then the confidence value is high 
and the voice-recognition module 522* processes 
step 1030. In step 1030, since the confidence of 



the first entry is high, the voice-recognition module 
522' returns to the CPU 504 the string associated 
with the first entry to the CPU 504 for processing 
(in step 916 of Fig. 9). 
s If, in step 1020, the confidence value is less 

than the minimum confidence value, then the con- 
fidence value is low and the voice-recognition mod- 
ule 522' processes step 1022. In step 1022, the 
voice-recognition module 522' asks the operator 
io whether the first entry is the correct word or phrase 
(that is, the word or phrase spoken by the oper- 
ator). The voice-recognition module 522' may que- 
ry the operator by displaying a message to the 
operator on the display screen 110 or by sending 
15 the message in audio form to the operator via the 
speaker 332 (or, alternatively, to the micro- 
phone/speaker 122 if the microphone/speaker 122 
is an ear microphone or to an independent speaker 
if the microphone 122 is a headset microphone and 
20 does not have a transducer for outputting audio 
signals). The operator may respond to the query 
from the voice-recognition module 522' in a num- 
ber of ways, such as speaking into the microphone 
122 or by manipulating the pointing device 330. If 
25 the operator responds that the first entry is correct, 
then the voice-recognition module 522' processes 
step 1028 (described below). Otherwise, the voice- 
recognition module 522' processes step 1 024. 

In step 1024, since the operator has indicated 
30 that the first entry is not correct, the voice-recogni- 
tion module 522' determines whether there are any 
more entries in the acceptable words list to pro- 
cess. If there are more entries to process, then the 
voice-recognition module 522' processes step 
35 1026, wherein the voice-recognition module 522' 
selects the next entry in the acceptable words list 
and then loops back to step 1022 to query the 
operator whether the newly selected entry is cor- 
rect. Otherwise, if there are no former entries to 
40 process (see step 1024), the voice-recognition 
module 522' processes step 1028. 

As described above, step 1028 is reached 
when either (1) in step 1022, the operator indicates 
that the selected entry is correct, or (2) in step 
45 1024, the operator effectively indicates that none of 
the entries in the acceptable words list is correct. 
In step 1028, the voice-recognition module 522* 
interacts with the operator to update the training of 
the vocabulary mode! according to well-known 
so methods such that the voice-recognition module 
522* will be able to more confidently recognize the 
operator's verbal utterance in the future. Since the 
voice-recognition module 522' utilizes well-known 
methods in step 1028, step 1028 will not be dis- 
55 cussed further. 

After updating the training of the vocabulary 
model, the voice-recognition module 522' pro- 
cesses step 1330, wherein the voice-recognition 
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module 522* returns to the CPU 504 for processing 
(in step 916 of Fig. 9) the string associated with the 
word or phrase which matches the verbal utterance 
as indicated by the operator (in steps 1022 and 
1028). .5 

While preferred embodiments of the invention 
have been described and certain modifications 
thereto suggested, it will be recognized by those 
skilled in the art that other changes may be made 
to the above-described embodiments which are 10 
within the appended claims. For instance, the com- 
puter system 102 of the present invention may be 
used in many applications, including (but not limit- 
ed to) for use with the handicapped, for education 
purposes, for testing and service purposes and for 75 
inventory purposes. 

Claims 

1. A compact, self-contained portable computing 20 
apparatus for being completely supported by a 
user for hands-free retrieval and display of 
information for the user comprising: 

a housing (106) having securing means for 
removably mounting the housing on a user for 25 
being carried without hands by the user; 

storage means (519) mounted in the hous- 
ing for storing previously entered information; 

processor means (504) mounted in the 
housing and communicating with the storage 30 
means for receiving, retrieving and processing 
information and user commands in accordance 
with a stored program (508); 

audio transducer and converter means 
(122) in communication with the processor 35 
means for receiving audio commands from the 
user, for converting the received audio com- 
mands into electrical signals, and for sending 
the converted electrical signals to the proces- 
sor means, the audio transducer and converter 40 
means being supported hands-free by the 
user; 

said processor means including means 
(522) for recognizing a command in the con- 
verted electrical signals and responding to the 45 
recognized command by outputting information 
derived by operation of the stored program; 

computer display means (110) in commu- 
nication with the processor means for receiving 
the outputted information from the processor 50 
means and for displaying the received informa- 
tion for the user; and 

means (108) for mounting the computer 
display means on the user such that the com- 
puter display means is carried hands-free in a 55 
portion of the view of the user whereby the 
computing apparatus is capable of being op- 
erated and of displaying the received informa- 



tion in a hands-free manner utilizing only the 
audio commands. 

2. The computing apparatus of claim 1, wherein 
the recognizing means (522) comprises means 
for matching the converted electrical signals 
against signals representative of words and 
phrases in a preprogrammed vocabulary 
model in accordance with dependent voice- 
recognition algorithms, 

3. The computing apparatus of claim 1, wherein 
the recognizing means (522) comprises means 
for defining a subset of a preprogrammed vo- 
cabulary model according to a current context 
of the stored program and for matching the 
converted electrical signals against the defined 
subset in accordance with independent voice- 
recognition algorithms. 

4. The computing apparatus of any one of claims 
1 to 3, wherein the display means comprises: 

visual display means (110); and 
driver means (514) in communication with 
the visual display means for converting the 
information received from the processor means 
(504) into video signals compatible with the 
visual display means and for displaying the 
compatible video signals on the visual display 
means. 

5. The computing apparatus of claim 4, wherein 
the visual display means comprises a monoch- 
rome display screen (1106) optically coupled 
to a filter (1108) having a first color polarizer 
(1110) for polarizing and separating light from 
the screen into cyan and red components, a 
first liquid-crystal switch (1112) for rotating po- 
larized light from the first color polarizer by 
zero or ninety degrees, a second color polar- 
izer (1114) for polarizing and separating light 
from the first liquid-crystal switch into yellow 
and blue components, and a second liquid- 
crystal switch (1116) for rotating polarized light 
from the second color polarizer by zero or 
ninety degrees. 

6. The computing apparatus of claim 4 or claim 
5, wherein the visual display means (1106) 
comprises a color graphics adaptor (CGA) eye 
piece monitor, an enhanced graphics adaptor 
(EGA) eye piece monitor, a video graphics 
array (VGA) eye piece monitor, or a super 
VGA eye piece monitor. 

7. The computing apparatus of any one of claims 
1 to 6 including measurement means (116) in 
communication with the processor means (504) 
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for performing electrical measurements on de- 
vices being evaluated, for receiving electrical 
measurement signals from the devices being 
evaluated as a result of performing the elec- 
trical measurements, and for sending the re- 5 
ceived electrical measurement signals to the 
processor means, the measurement means be- 
ing supported by the user. 

8. A method for hands-free retrieval and display 10 
of information by a compact, self-contained 
portable computing apparatus (102) compris- 
ing: 

receiving a verbal utterance from the user 
of the apparatus by means of an audio trans- is 
ducer (122); 

converting the received verbal utterance 
into electrical signals; 

transferring the converted electrical signals 
from the audio transducer to a processing 20 
means of the computing apparatus; 

recognizing (522) the converted electrical 
.signals by the processing means to identify a 
user command matching the received verbal 
utterance; 25 

processing the user command by the pro- 
cessing means in accordance with a stored 
program, the processing step including: deter- 
mining whether the user command represents 
an information retrieval request, if the user 30 
command represents an information retrieval 
request then retrieving the requested informa- 
tion from a database (520) previously entered 
into a storage means (519); and displaying the 
retrieved information on a computer display 35 
device (110) supported by the user, whereby 
the computing apparatus may be operated and 
caused to display the retrieved information in a 
hands-free manner utilizing only audio com- 
mands. 40 



10. The method of claim 8, wherein the recogniz- 
ing step comprises: 

defining a subsec of a pre-trained vocabu- 
lary model according to a current context of 
the stored program; 

selecting a word or phrase from the sub- 
set; 

determining whether deviations between 
the converted electrical signals and a base line 
waveform are within permitted variances, the 
base line waveform and permitted variances 
being associated with the selected word or 
phrase; 

if deviations between the converted elec- 
trical signals and the base line waveform are 
within the permitted variances, then calculating 
a confidence value for the selected word or 
phrase; 

if the confidence value is greater than a 
predetermined confidence value, then translat- 
ing the converted electrical signals to a string 
associated with the selected word or phrase; 
and 

if the confidence value is less than the 
predetermined confidence value, then interact- 
ing with the user to modify the pre-trained 
vocabulary model for the converted electrical 
signals. 



9. The method of claim 8, wherein the recogniz- 
ing step comprises: 

selecting a word or phrase from a pre- 
trained vocabulary model; 45 

determining whether the converted elec- 
trical signals match one of a finite number of 
electrical waveforms associated with the word 
or phrase; and 

if the converted electrical signals match 50 
one of the finite number of electrical 
waveforms associated with the selected word 
or phrase, then translating the converted elec- 
trical signals to one or more particular key- 
strokes associated with the selected word or 55 
phrase. 
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